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$V$ $\mathrm{R}^{d}$ , $A=(A_{1}, \ldots, A_{d})$ $\mathrm{R}^{d}$ . $A$ $-$
(1-form) $\Sigma_{i}$ Aidxi – , 1-form $A$ . $\lambda$ Planck
, Schr\"odinger $H_{0}(\lambda),$ $H(\lambda)$ .
(1.1) $H_{0}( \lambda)=\frac{1}{2}\sum_{=i1}^{d}(\sqrt{-1}\frac{\partial}{\partial x}.\cdot-\lambda Ai)^{2}$ ,
(1.2) $H(\lambda)=H_{0}(\lambda)+\lambda^{2}V$.




, $H_{0}(\lambda),$ $H(\lambda)$ $\mu_{n}(\lambda)$
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2.
, $V$ (1.2) Schr\"odinger $H(\lambda)$
.
(V.1) (i) $V\geqq 0$ $V$ $\{p^{a}\}_{a}^{N}=1’ N\geqq 1$ ;
(ii) $V$ Hessian, $( \mathrm{H}\mathrm{e}\mathrm{s}\mathrm{s}V)(Pa)=\int_{\frac{\partial^{2}V}{----1--}(p^{a})}.‘|$ , ;
(i\"u) $\lim$ inf $V(x)>0$ .
$|x|arrow\infty$
$V$ .
, Simon [10] .
2.1. (V. 1) , $M$ $\lambda_{M}>0$ :
$\lambda>\lambda_{M}$ , $A$ , $H(\lambda)$
$M$ $\{\mu_{n}(\lambda)\}$ .




$H(\lambda)$ , $\lambda$ (Helffer
[2], Simon [10], [11] ). , Helffer-Sj\"ostrand, Maslov,
Simon , ( ) .
, 21 $-$ ,
$V$ $\mu_{n}(\lambda)$ ,
. , Helffer-Sj\"ostrand [3] , ,




$\mu_{n}(\lambda)$ $V$ $p^{a}$ ,
$-$ . , .
$(\mathrm{H}\mathrm{e}\mathrm{s}\mathrm{s}V)(p^{a})$ $k_{1}(a)^{2},$
$\ldots,$
$k_{d}(a)2,$ $k:(a)>0$ , , $B(a)=(B_{j}\dot{.}(p^{a})):,j=1,\ldots,d$ ,
$B_{*j}(X)=\partial:A_{j(x)}-\partial_{\mathrm{j}:}A(X)$ , : $(\xi_{1}, \ldots, \xi_{d})$ $(\mathrm{H}\mathrm{e}\mathrm{s}\mathrm{S}V)(p^{a})$
,
$V_{a}( \xi)=\frac{1}{2}.\cdot\sum_{=1}^{d}ki(a)2\xi_{i}^{2}$ , $b^{a}( \xi)=\frac{1}{2}B(a)\xi$,
$-$ $V_{a}$ , $b^{a}$ Schr\"odinger
$I\mathrm{t}^{\prime a}$ :
$K^{a}= \frac{1}{2}\sum_{i=1}^{d}(\sqrt{-1}\frac{\partial}{\partial\xi_{i}}-b_{i}^{a})^{2}+Va$ .
, $K^{a}(\lambda),$ $\lambda>0$ ,
$I \mathrm{f}^{a}(\lambda)=\frac{1}{2}\sum_{=i1}^{d}(\sqrt{-1}\frac{\partial}{\partial\xi_{i}}-\lambda ba.)*+\lambda 2V_{a}2$
.




(V. 2) $\delta>0$ , $|x|$ $V(x)\geqq|x|^{\delta}$ ;
(A. 1) $\partial_{k}B_{ij}(p^{a})=0,$ $i,j,$ $k=1,$ $\ldots,$ $d,$ $a=1,$ $\ldots,$ $N$ .
, $n\in \mathrm{N}$ :
$. \lim_{\lambdaarrow\infty}\frac{1}{\lambda}\mu_{n}(\lambda)=\mu_{n}$ .
(V 2), (A.1) ,
.
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, $H(\lambda)$ $V$ $p^{a}$ $I\mathrm{f}^{a}(\lambda)$ ,
. , $I\mathrm{f}^{a}(\lambda)$ gauge
.
$d=2$ , $\mu_{n}$ $I\mathrm{f}^{a}$ ,
. 4 .
[6] . 4 (V 2)
.
(V 2) , $H(\lambda)$ $\{\mu_{n}(\lambda)\}_{n=}^{\infty}1$ . $\mu_{n}(\lambda)=$
$O(\lambda)$ $N_{\lambda}(\mu)=\#\{n;\lambda^{-1}\mu n(\lambda)<\mu\}$ ,
$\mathrm{T}\mathrm{r}(\exp(-tH(\lambda)/\lambda))=\sum^{\infty}\exp(-n=1t\mu n(\lambda)/\lambda)=\int_{0}^{\infty}e-t\mu dN_{\lambda}(\mu)$ ,
.
, (V 2) , $\delta>0$
$\mathrm{T}\mathrm{r}(\exp(-tH(\lambda)/\lambda))=\sum_{a=1}^{N}\int \mathrm{I}^{x1}<s(\exp(-tK^{a}(\lambda)/\lambda)x, X)dX\cdot(1+o(1)),$ $\lambdaarrow\infty$ ,
. , $\exp(-tK^{a}(\lambda))(x, y)$ $I\mathrm{f}^{a}(\lambda)$ (heat
kernel) . [6] , $A=0$ Watanabe [15] , Malliavin
calculas .




$\lim_{\lambdaarrow\infty}\int_{0}^{\infty}e^{-\mu t}dN\lambda(\mu)=\int_{0}^{\infty}e^{-\mu}d\iota N(\mu)$ , $t>0$ ,
, Laplace 22 .
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(1.1) Schr\"odinger $H_{0}(\lambda)$ :
$H_{0}( \lambda)=\frac{1}{2}\sum_{=j1}^{d}(\sqrt{-1}\frac{\partial}{\partial x_{j}}-\lambda A_{j})^{2}$ .
$H_{0}(\lambda)$ , 2.1 , $H_{0}(\lambda)$
. $||dA(x)||$ $|x|arrow\infty$
$\infty$ , $H_{0}(\lambda)$ $\lambda>0$
. , Iwatsuka [5] .
$H_{0}(\lambda)$ $\{\mu_{n}(\lambda)\}_{n=}^{\infty}1$ . $\mu_{n}(\lambda)$ $\lambdaarrow\infty$
, , 2-form $dA$
. , ,
.
$B_{j}.(x)=\partial iA_{j(}X)-\partial jAi(x)$ , $d$ $(B_{ij}(x))$
$b_{i}(x)\geqq 0,$ $i=1,$
$\ldots,$
$[d/2]$ , . ,









, Ueki [13] .
, Simon [10] , 22 (A.1)
, ([8] ).
, 3.1 , 2 $V$ ,
$V$ Hessian . , 2 $I\mathrm{f}^{a}$
, 3.1 , ([8]).
4. 2 HAMILTONIAN
, Hamiltonian , 2
2 Schr\"odinger .
, Hermite , Hermite
, 2 .
$k,$ $\ell>0,$ $b\in \mathrm{R}$ , , $L^{2}(\mathrm{R}^{2})$ $P=P(k, \ell;b)$
.
$P= \frac{1}{2}(\sqrt{-1}\frac{\partial}{\partial x_{1}}-c_{2}b_{X}2)^{2}+\frac{1}{2}(\sqrt{-1}\frac{\partial}{\partial x_{2}}+c_{1}bX_{1})^{2}+\frac{1}{2}(k^{2}x_{1}^{2}+l_{X_{2}}^{22})$.
, $c_{1}=k/(k+\ell)$ , c2 $=\ell/(k+\ell)$ , 2 $K^{a}$
gauge . , Gauss $\phi_{0}$
$\phi_{0}(x_{1,2}X)=(\frac{c_{1^{C}2}m_{1}2}{\pi^{2}})^{1/4}\exp(-m1(c1x_{1}2+c_{2}X_{2}^{2})/2)$ , $m_{1}=((k+\ell)^{2}+b^{2})^{1/2}$ ,
, $\emptyset 0$ $P$ $m_{1}/2$ .
$U$ $\exp(\sqrt{-1}(c1-1/2)bx_{1^{X_{2}}})$ ,
$K$
$I \mathrm{f}=\frac{1}{2}(\sqrt{-1}\frac{\partial}{\partial x_{1}}-\frac{1}{2}bX_{2})^{2}+\frac{1}{2}(\sqrt{-1}\frac{\partial}{\partial x_{2}}+\frac{1}{2}bx_{1})^{2}+\frac{1}{2}(k^{2}x_{1}^{2}+\ell^{2}x_{2}^{2})$.
, $U^{*}PU=K$ .
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$P$ , , $P$ , .
$m_{2}=((k-\ell)2+b^{2})1/2,$ $s_{1}= \frac{m_{1}+m_{2}}{2},$ $s_{2}= \frac{m_{1}-m_{2}}{2}$ ,
$\alpha_{1}=\sqrt{\frac{s_{1}^{2}-l^{2}}{2m_{1}m_{2}}},$ $\beta_{1}=\mathrm{s}\mathrm{g}\mathrm{n}(b)\ulcorner\frac{s_{1}^{2}-k^{2}}{2m_{1}m_{1}}$,
$\alpha_{2}=\mathrm{s}\mathrm{g}\mathrm{n}(b)\sqrt{\frac{\ell^{2}-s_{2}^{2}}{2m_{1}m_{2}}},$ $\beta_{2}=\sqrt{\frac{k^{2}-s_{2}^{2}}{2m_{1}m_{2}}}$,
, $Q_{1},$ $Q_{2}$ .
$Q_{1}= \alpha_{1}(\frac{\partial}{\partial x_{1}}+c_{1}m_{11}x)+\sqrt{-1}\beta_{1}(\frac{\partial}{\partial x_{2}}+c_{2}m_{12}x)$ ,
$Q_{2}= \sqrt{-1}\alpha_{2}(\frac{\partial}{\partial x_{1}}+c_{1}m_{11}x)+\beta_{2}(\frac{\partial}{\partial x_{2}}+c_{21}mX_{2}\mathrm{I}\cdot$
41. $Q_{1}^{*},$ $Q_{2}^{*}$ $Q_{1},$ $Q_{2}$ , :
(i) $P=Q_{1}^{*}Q_{1}+Q_{2}^{*}Q_{2}+m1/2$ ,
(ii) $[Q_{i}, Q_{i}^{*}]=s_{i},$ $i=1,2$ ,
(iii) $[Q_{1}, Q_{2}]=0,$ $[Q_{1}^{*}, Q_{2}]=0$ ,
(iv) $Q_{*}\phi_{0}=0,$ $i=1,2$ ,
, $[, ]$ $[A, B]=AB-BA$ .
, $P$ 2 .







, $\pm\sqrt{-1}s_{i},$ $i=1,2$ , .
41 .
4.2. $P$ $\{\mu(m, n)\}^{\infty}mn=0|$ ’
$\mu(m, n)=(m+1/2)s_{1}+(n+1/2)s_{2}$ ,
, $\phi_{m,n}=(Q_{1}^{*})^{m}(Q^{*}2)^{n}\emptyset 0$ , $\phi_{m,n}$
:
$( \phi_{m’},n^{l}’\phi m,n)\equiv\int_{\mathrm{R}^{2}}\phi m’.n’(X1, X2)\overline{\phi_{m.n}(X1,x2)}dX1dx_{2}$
(4.1)
$=\delta m’,m\delta’,m!nnn!S^{m}12s^{n}$ .
, 1 , ground state
$-$ . $\exp(-tP)$ ,
.
2 Hamiltonian , ,
([8] ).
(4.1) , $G_{m,n}=\phi_{0}^{-1}\phi m,n$ {Gm, $\phi_{0}^{2}dX$ 2
.
, $k,$ $\ell>0$ $barrow\infty$ $\beta_{1},$ $\alpha_{2}arrow 0$ , $b\neq 0$
$k=\ellarrow 0$ $\alpha_{2},$ $\beta_{2}arrow 0$ , $\phi_{0}$ Gauss
, $\{G_{m,n}\}$ Hermite , Hermite
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parameter family . $\{G_{m,n}\}$
. [7] .
2 Hamiltonian $P$ propagator, heat kernel Van Vleck-
Pauli .
Van Vleck-Pauli ,
. Hamiltonian $P(p, x)$ $x(0)=x,$ $x(t)=y$
$\{x_{\mathrm{C}}\iota(s)\}_{0\leqq}S\leqq t$ , $S(t, x, y)$ :
$S(t, x, y)= \int_{0}^{i}L(xd(s),\dot{x}_{d}(s))d_{S}$ .
, propagator, Schr\"odinger $\partial u/\partial t=\sqrt{-1}Pu$ ,
$\exp(\sqrt{-1}tP)(x, y)$
$\exp(\sqrt{-1}tP)(x, y)=\frac{1}{2\pi}(\det\frac{\partial^{2}S(t,x,y)}{\partial x\partial y}\mathrm{I}1l2s\exp(\sqrt{-1}(t, x, y))$
([1], [9], [14] ). Newton , $S(t, x, y)$
.
, Ikeda-Kusuoka-Manabe [4] ,
, 2 Wiener .
Van Vleck-Pauh [4] , $P$ heat kernel
$\exp(-tH)(x, y)$ .
Hamiltonian $\tilde{P}(p, x)=P(p, \sqrt{-1}x)$ , $x(0)=x,$ $x(t)=y,$ $x,$ $y\in \mathrm{R}^{2}$
$\{\tilde{x}_{d}(S)\}_{0\leqq s\leqq}t$ . $\mathrm{C}^{2}$ . Lagrangian (
) $\tilde{L}$ , “ $\text{ }$” $\tilde{s}(t, X, y)$
$\tilde{S}(t, x, y)=\int_{0}^{e_{\tilde{L}(_{X}^{\sim}}}d(S),$ $x_{d}.(_{S}\sim))d_{S}$
, .
4.3. $\exp(-tP)(_{X}, y)=\frac{1}{2\pi}(\det\frac{\partial^{2}\tilde{S}(t,x,y)}{\partial x\partial y})^{1\mathit{1}2}\exp(-\tilde{S}(t, X, y))$ .
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Newton , $\tilde{S}(t, x, y)$ heat
kernel . , [6], [7] .
, heat kernel
$\mathrm{T}\mathrm{r}(\exp(-tH))=\frac{1}{2(\cosh m1t/2-\cosh m_{2}t/2)}=\sum_{m1n=0}^{\infty}\exp(-\mu(m, n)t)$, $t>0$ ,
, $P$ , $m_{1}/2$
1 .
, $P$ $\{\phi_{m,n}\}$ $\{G_{m,n}\}$ , heat
kernel $\exp(-tH)(x, y)$ .
, Hermite , heat
kernel ([12]), Van Vleck-Pauli heat kernel
, .
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